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Life Magazine, vol 8, no 15, page 38, 

April 8, 1940. 

Space Weather: 

 Societal and Economic 

Impact  
 

• March 25, 1940 

 

• Large Geomagnetic 

Storm 

 

• Western Union set up 

emergency circuits to re-

route messages as 

regular lines went dead.  

 

• Telegraph lines went 

haywire. 

 

• Geospace models in  

operations will help to 

protect similar, but 

modern, vital services 

 



Regional Power Grid Disruptions 
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The 

Economic 

And Societal 

Impacts of 

Space 

Weather, 

NRC Report 

 



Coordinating on ways forward to 
develop and implement mitigation 
strategies to safeguard critical 
infrastructure from the impacts of 
severe space weather.   

High-level government response… 

• The Shield Act (H.R. 668) (Feb 2011) 
To amend the Federal Power Act to protect 

the electric infrastructure geomagnetic  

storm (and EMP) 

 
• Meeting at White House with National 
  Security Staff and OSTP (18 Feb) 

 
• Op Ed in NY Times on space weather 
  by Holdren and Beddington (10 Mar) 

 
• Electric Infrastructure Security Summit 
  (EISS) in Washington D.C. (11 Apr)  
 

• Effects of Geomagnetic Disturbances on the 
  Bulk Power System (NERC, 2012)  
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 Corollary: It doesn’t work if everyone follows Gretzky’s advice. At least 

one player has to play the puck, or the puck would be put down and 

everyone would move away. 

In our case, we want to know what future geomagnetic activity is going 

to be, and where it is going to occur, so that like the hockey player we 

are ready to respond. 

Prediction is our Goal 

Given the severe economic and societal impacts that can 

result from intense geomagnetic activity, our goal is to 

evaluate, select and transition to operations geospace 

model(s) with predictive capability. 
Relevant to this goal is a quote and corollary used by Oxford 

mathematician David Orrell:  

“ A good hockey player plays where the puck 

is. A great hockey player plays where the puck 

is going to be. –Wayne Gretzky 
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Our work will be done with a high 

degree of precision, because we 

want emulate the economists: 

 

“Economists give their 

predictions to a digit after the 

decimal point to show that they 

have a sense of humor.” 
 – Unknown 

And, speaking of prediction 
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Geospace Model Project Goals 

•Space  

•Tourism 

•Airline  Polar Routes 

• Goal: Evaluation of Geospace prediction models to 
determine which model or models should begin transition 
to operations process in 2012.   

• Focus: Models that can predict regional geomagnetic 
activity 

• Process: CCMC leads evaluation;  Build on GEM Storm 
Challenge; Establish partnerships; Select metrics; 
Conduct evaluation 

• Community Discussions: GEM, AGU, CCMC Meetings, 
Space Weather Workshop; Geomagnetic activity products 
documents circulated, Geospace Model Validation 
Workshops… 
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Models at CCMC Participating 

in Geospace Evaluation 

• MHD Models:  

• Space Weather Modeling Framework (SWMF) - U. of 
Michigan (delivered to CCMC) 

• The Open Geospace General Circulation Model (Open 
GGCM) - University of New Hampshire (delivered to CCMC) 

• Coupled Magnetosphere-Ionosphere-Thermosphere 
(CMIT) - BU CISM, Dartmouth, NCAR (delivered to CCMC) 

• Grand Unified Magnetosphere-Ionosphere Coupling 
Simulation (GUMICS) - Finnish Meteorological Institute 
   (parallel version not ready for full evaluation, but showing progress) 

• Empirical Models 

•  Weimer Empirical Model, Va. Tech (delivered to CCMC) 

•  Weigel Empirical Model, George Mason (delivered to CCMC) 



Challenge Setup: Events 

Pulkkinen et al. 2010 

Additional events 

5. April 5, 2010 00 UT  -  April 6, 2010 00 UT           -73 nT       8- 

      (Galaxy 15 Event) 

 

6. August 5, 2011 09 UT –  August 6 2011 09 UT   -113 nT       8- 



Challenge setup: stations 

Pulkkinen et al. 2010 

Note: For recent events: needed to substitute station SNK for PBQ. PBQ was  
discontinued. Separated by about 2 deg geographic  



Regional dB/dt Prediction 
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Challenge 

• How well can MHD and empirical models 
predict a regional (high and mid- geomagnetic latitudes 

in three distributed latitudinal chains) dB/dt (max disturbance 

exceeding specific thresholds) compared to the 
ground observed value  over specified time 
interval (20 min)? 

• Currently Available: No product   



dB/dt Evaluation 

Metrics Selection 
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Event x 
Model yi 

 
(Kp, Dst, LT 

of storm main 
phase…) 

High 
Latitude 

 
(repeat for 

mid- 
latitude) 

Contingency 
Table 

(for different 

thresholds – (0.3, 
0.7, 1.1, 1.5 nT/s, 

1.5 nT/s) 

 

Max 1-
min db/dt  

(20 minute 
window) 

Skill 
metrics 

(e.g POD, 
POFD, 

Heideke) 

Ranking 
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Contingency Tables: 

 Probability of Detection (POD), Probability of 
False Detection (POFD), and Heidke Skill Score 

Event 

Forecast 

Event Observed 

Yes No Marginal Total 

Yes A   (Hit) B (False Alarm) A + B 

No C (Miss) D (Correct Negative) C + D 

Marginal Total A + C B + D A+B+C+D = N 

Probability of Detection: fraction of observed events forecast correctly. POD = 

A/(A+C). Ranges from (0,1) bad to good. 

Probability of False Detection: fraction of no events, incorrectly forecast as yes 

events. POFD = (B)/(B+D) Ranges from (0,1) good to bad. 

Heidke Skill Score:  fraction of correct forecasts after eliminating forecasts that 

would be correct by random HSS = 2(AD-CB)/((A+C)(C+D)+(A+B)(B+D)) where 

0 no skill, 1 perfect.   

In part from: Lopez et al., Space Weather Journal, 2007. 
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Preliminary db/dt Results 

 Event X / Model Y 

 High Latitude and Mid-Latitude Chains 

• Model and Event names not shown until after further analysis and discussions with 

modelers 

• Generally the models capture the major enhancements at both high and mid-

latitudes, although differences in magnitudes; remember these are predictions 

• This model underestimates and misses some of the disturbances 

• Similar results for other events; encouraging results that models provide value 

High-LAT YKC Obs/ Model 

High-LAT ABK Obs/ Model 

High-LAT SNK Obs/ Model 

Mid-LAT NEW Obs/ Model 

Mid-LAT OTT Obs/ Model 

Mid-LAT WNG Obs/ Model 
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Heidke Skill Score 

Ranked for all model/data comparisons 

 over all Events 

Mid Latitude 0.3 nT/s Threshold 

High Latitude 0.3 nT/s Threshold 

0 

1 

0 

1 
• Each point 

represents a 

different model 

• Scores show 

better than what 

would be 

expected by 

chance 

• Similar results for 

larger thresholds, 

but typically at 

lower skill. 
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Probability of Detection and False Detection 

Ranked for all model/data comparisons 

 over all Events 

Mid Latitude 0.3 nT/s Threshold 

High Latitude 0.3 nT/s Threshold 

0 

1 

0 

1 
• Each point 

represents a 

different model 

• Similar results for 

larger thresholds, 

but typically at 

lower skill. 

• POD: 1 is good 

• POFD: 0 is good 

 



Geospace Model Recommendation Process 

•  Models will be evaluated on four criteria: 

  - Strategic Importance 

  - Operational Significance 

  - Implementation Readiness 

  - Cost to Operate, Maintain, and Improve 

•  Evaluation team will consist of internal and external participants 

•  Modelers to review and comment on draft Recommendation 

Report prior to delivery to SWPC Director 

•  The final Recommendation Document will be made public 

•  Selection will be made by SWPC Director 



Possible Findings/Recommendations 

•  One (and only one) MHD model has sufficient value to justify 

transition and operation costs – Recommend transition 

•  Multiple MHD models have sufficient value – Recommend one 

model based on highest long-term value and lowest cost 

•  No MHD model has sufficient value, but near-term improvements 

could be made – Recommend SWPC support for additional 

development and testing 

•  One or both empirical models have sufficient value – Recommend 

either or both for transition 

•  No model has sufficient value – Recommend no SWPC action 



Recent Accomplishments 
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• Sensitivity analysis for time window and station spatial 

separation completed 

• New model versions installed and operating at CCMC 

• O2R: this evaluation has encourage modelers to 

provide improved models that are now available to the 

science community 

• Two new events selected and data gathered 

• All model runs completed 

• Metrics finalized 

• Method for computing ground magnetic perturbations 

developed at CCMC and verified through comparison to 

Michigan model 

• Code for computing K’s made available to CCMC    



Next Steps 
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• Analysis of db/dt results 

• Model runs made available for modeler examination 

• Evaluate need for runs with different thresholds, scalings, 

time windows, etc. 

• Meet with modelers at GEM to discuss results, obtain 

feedback, develop plans for journal articles reporting 

results, discuss SWPC selection process 

• CCMC prepares report on db/dt results and delivers to 

SWPC by early September  (after review by modelers) 

• SWPC selection based on CCMC reports and other criteria 

previously mentioned such as operational significance, 

costs to maintain, operate etc. 



Next Steps 
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• Compare model K values with observations and current 

Wing Kp 

• Wing Kp needs to be run on all events 

• More data needs to be collected to calculate observed 

K’s 

• Analysis tools need to be implemented 

• Post-processing for all events, analyze, share, and 

interpret 

• Results present during GEM meeting in association with 

Fall 2012 AGU 

• Report to SWPC 



Conclusions 
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• In response to a recognized national need to provide improved 

regional geomagnetic activity services; NOAA’s SWPC, in partnership 

with the NASA CCMC and modelers, is evaluating geospace models for 

transition to operations 

• The effort builds on a foundation of work performed by the research 

community, supported by many agencies, and through model 

challenges in the NSF GEM program 

• Challenges in this work include the preparation of robust models; 

recognizing the need for, and carrying out, model sensitivity studies; 

developing tools to evaluate the models; and the selection of 

operational, rather than research metrics  

• Initial results look promising, with models showing positive skill 

• The initial selection process will be completed in 2012 

• This is only a beginning… 


